SYNOPSIS
The light microscopy and clinical features of two patients with extrapancreatic tumours and hypoglycaemic episodes are described-together with the electron microscopy findings in one patient. The primary tumour of one patient arose within the skull and later metastasized to the liver, while the other patient had a locally recurrent intrathoracic tumour. Neither the intracranial origin nor the ultrastructural features support the concept of a mesothelial origin for these tumours, and they should be referred to as spindle-cell tumours associated with hypoglycaemia. There are ultrastructural similarities between these neoplasms and those of the pancreatic Pi cells. Lowbeer (1961) collected 25 examples of large extrapancreatic non-epithelial tumours associated with hypoglycaemia, and Leger et al (1963) refer to a similar group of 39 patients. Azzopardi (1966) added three further examples, but none of the patients in any of these reviews had a primary intracranial tumour. Also no mention is made in these reports of electron microscopic appearances. The ultrastructural features could help in tracing the cell of origin of these tumours which remains a subject of debate based on little objective evidence (Leger et al, 1963; Boshell et al, 1964) . Two further examples of large spindle-cell neoplasms coincident with hypoglycaemia are presented and the ultrastructure of one is described. 11 November 1975 covery was satisfactory. The operative findings were considered to be insufficient to account entirely for the patient's symptoms but no blood sugar levels were measured during this illness. After the birth of the child a course of radiotherapy was given. She remained well although with a residual right lower motor neurone facial palsy. A second child was born in December 1969.
Observations
In the following February she noticed increasing tiredness, blurring of vision which often occurred at mid-day, and morning sweats. On 16 March 1970 she was found comatose and covered in sweat but afebrile. There was a flaccid tetraparesis with bilateral extensor plantar responses and uniformly diminished reflexes but no meningism or papilloedema. The liver was enlarged. The neurological signs were disproportionate with her conscious level which spontaneously improved during the day and was rapidly corrected with 20% intravenous dextrose and a Horlicks drink. The blood sugar immediately before this treatment was 8 mg/dl of blood. (1968)). Resection of the right intrathoracic tumour was undertaken on 27 November 1967 and the postoperative recovery was uneventful. During 1968-73 she developed dizziness which was most marked after exertion. Blood sugar levels remained within normal limits but did reach 55 mg/dl of blood after a fast of 72 hours. A chest x-ray during 1970 showed a further right-sided mass which slowly increased in size. In June 1973 because of the progressive worsening of the dizziness she was reinvestigated for hypoglycaemia, but no abnormality apart from the intrapleural tumour was found. At this time there was a slight slurring of speech, an ataxic gait, and a decrease in power of the proximal muscles of the lower limbs. The mass in the chest had increased in size and was removed on 6 July 1973 together with the lower lobe of the right lung. Postoperatively she was difficult to wean from the respirator and developed pulmonary oedema, a chest infection, and pulmonary emboli. She died 12 days after the thoracotomy.
PATHOLOGY
Tissues were fixed in 10% neutral buffered formalin solution, and 5 ,m sections were stained with Harris' haematoxylin and eosin and by special staining procedures including reticulin preparations. Tissues (1 mm3) for electron microscopy were fixed in phosphate buffered 4% glutaraldehyde (pH 7 4) at 0-40C followed by washing in phosphate buffer 521 and post fixation in phosphate buffered 1 % osmium tetroxide at 0-40C. The blocks were processed and embedded in Araldite. Sections were double stained with 2 % aqueous uranyl acetate and lead citrate and examined with a Philips EM 200. Necropsy included inspection of the thoracic and abdominal viscera and of the brain.
Case 1
The intracranial tumour consisted of lobulated fragments measuring up to 6-5 x 6-0 x 4 5 cm with firm pale grey surfaces which included round nodules. Light microscopy showed a cellular spindlecell tumour (fig 1) . The cells were uniform but with many mitoses and little cytoplasm. They were arranged in loose interweaving bundles supported by reticulin and separated by numerous capillaries ( fig  2) . The diagnosis of angioblastic meningioma was made.
The liver biopsy specimen and the features in the tumour in the hepatectomy specimen were comparable to one another and to those above. The liver nodules were rounded and sharply demarcated from the investing liver with firm homogeneous white surfaces (fig 3) . At necropsy there was jaundice, oedema of the legs, multiple recent abdominal surgical incisions, and an ileostomy. The transplanted liver was bile stained and all the vascular anastomoses were intact and patent. Parts of the common bile duct were necrotic and there was a fistula associated with the enteroenterostomy formed from a jejunal loop anastomosed to the fundus of the gall bladder. The stomach had a perforated ulcer infiltrated by fungus and a fibrinous exudate covered the peritoneal cavity and gut. Discrete areas of necrosis were seen in the pancreas and small friable vegetations were adherent to the mitral valve cusps. Thrombus occluded both femoral and external iliac veins. The lungs were oedematous with many small arteries occluded by embolus infiltrated by a Candida and Aspergillus species. Cytomegalovirus inclusion bodies were present in the alveoli. A single paratracheal lymph node was replaced by tumour like that in the patient's own liver. A superficial cyst, 3 cm diameter, containing clear fluid was found adjacent to the right Sylvian fissure but there were no other changes in the brain or skull. Case 2 The tumour removed at the first thoracotomy (1270g) had lobulated firm white surfaces with small scattered foci of necrosis. (fig 7) . These two types occurred in apparently equal proportions although their distribution was variable in any one field. One type of cell had a darkly staining large, irregularly indented nucleus. The cytoplasm was scanty and was occupied by mitochondria, dilated rough endoplasmic reticulum, and Golgi apparatus, but there were no microvilli or granules (fig 7) . The other type of cell had a paler staining nucleus but was of a similar size although with a greater amount of cytoplasm. Occasional microvillus-like processes projected from the plasmalemma. The cytoplasm contained mitochondria, undilated rough endoplasmic reticulum, Golgi apparatus, and many fine filaments (fig 8) . operative blood sugar levels absolute proof is lacking. Hypoglycaemia and this intracranial tumour could have accounted for the clinical state of the patient since the impression following the operative findings was that the size and position of the tumour alone were insufficient to explain satisfactorily the clinical observations. Among Simpson's (1957) 12 patients with tumours diagnosed as angioblastic meningiomas no extracranial spread developed and in none was there any evidence of local tumour recurrence . Kruse (1961) encountered a single example of extracranial spread among his eight similar cases. The possibility must be considered that case 1 had had two primary tumours, intracranial and hepatic, only the hepatic neoplasm inducing hypoglycaemia, or that the hepatic lesions were metastatic from a further extracranial site. The macroscopic distribution and appearances of the intrahepatic lesions (fig 3) and the failure at necropsy to find an alternative primary site are against these 526 group.bmj.com on April 13, 2017 -Published by http://jcp.bmj.com/ Downloaded from Spindle-cell tumours and hypoglycaemia hypotheses. Further, the histological similarity between the intracranial and the intrahepatic growth also favours the view that the liver lesions represented metastases from the intracranial tumour. The mode of spread appeared to be vascular but, in view of the lymph node involvement at necropsy, lymphatic dissemination is also implicated. This lymph node metastasis could alternatively have arisen from dissemination during liver transplantation and the subsequent surgery.
The course and light microscopy findings in case 2 are like those in the patients reviewed by Lowbeer (1961) and Azzopardi (1966) . These patients had large extrapancreatic tumours which were usually retroperitoneal but also developed in other sites. On light microscopy spindle cells were predominant in a vascular fibrous stroma, and all the patients experienced hypoglycaemic episodes. Azzopardi (1966) considers the behaviour and appearance of these tumours as typical of a fibroblast and the structure 527 group.bmj.com on April 13, 2017 -Published by http://jcp.bmj.com/ Downloaded from to be that of a 'fibrous mesothelioma'. This terminology implies a mesothelial-cell origin. Mesothelial cells may be facultative fibroblasts and these tumours fibroblastic but the concept that the cell origin is mesothelial seems discredited by the possibility of a primary intracranial or even hepatic neoplasm in case 1. The electron microscopic features of case 2, also, are unlike those of normal fibroblasts (Rhodin, 1967) . Wang (1973) described the ultrastructure of pleural mesotheliomas in four patients. His findings differ from ours in that two cell types were not recognized, and the cells from his patients were distinguished by either many brush-like microvilli or by pseudopod extensions of their cytoplasm. Only a few microvilli were apparent and only in some of the tumour cells of case 2. If the assumption that the similarity between the primary growth and its recurrence applies to the electron microscopy features is correct then the tumour of case 2 is not closely akin to those described by Wang (1973) and may not be a true mesothelioma. The granules found in some of the tumour cells are also in marked contrast to Wang's observations.
Various types of granule are found in the cells of pancreatic islets and within some pancreatic neoplasms (Like, 1967; Greider et al, 1970 (Greider and Elliott, 1964) . The electron microscopic features in case 2 are therefore consistent with an insulinsecreting growth, and the small number of granules may account for the clinical difficulty in producing hypoglycaemia. It is likely that patients with marked hypoglycaemia have a greater number of granulecontaining cells in their tumours. These comments imply a close similarity between the tumours of case 2 and tumours of 3-cell origin. Further support for this lies in the comparable ultrastructure of an insulinoma described by Greider and Elliott (1964) and the recurrent neoplasm of case 2. This insulinoma included similar granules and was formed of both light and dark cells. However, we have not investigated the characteristics of the granules in case 2 or demonstrated that they have any functional significance.
The variance noted between the tumours reported by Wang (1973) and those in this report must query a mesothelial origin and discredit their present nomenclature. The term mesothelioma has become synonymous with growths secondary to asbestos exposure (Hourihane, 1964; Selikoff et al, 1965; Mortimer and Campbell, 1968; McDonald et al, 1970) but there is insufficient evidence to include either of the patients in this report in that category.
Case 1 had no history to suggest such an exposure and case 2, who had worked adjacent to an asbestos factory, was thoroughly investigated by the Pneumoconiosis Panel but no adequate proof of significant asbestos exposure was found.
No suitable appellation for this group of hypoglycaemic producing tumours arises from these observations, and the findings in these two cases cast considerable doubt on the validity of that at present in use. Until a more precise origin of the growths is defined it may be more descriptively exact, although cumbersome, simply to refer to them as spindle-cell tumours associated with hypoglycaemia.
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